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Introduction {#sec001}
============

A microbiota is a complex ecosystem of microorganisms consisting of bacteria, viruses, protozoa and fungi living in different niches of the human body, such as gastrointestinal tract, skin, oral cavity, respiratory tract and vagina. This ecosystem plays a key role in many metabolic functions, including glucose modulation. Modifications in the microbiota composition can lead to several diseases, including metabolic disorders \[[@pone.0222607.ref001]\].

The human microbiome consists of more than 100 trillion microbial cells \[[@pone.0222607.ref002]\]. Over 70% of microbiota is found in the gastrointestinal tract--in the stomach and in the small and large intestine, where the concentration of microorganisms is the highest \[[@pone.0222607.ref001],[@pone.0222607.ref003]\]. Changes in the microbiome composition were observed in various diseases \[[@pone.0222607.ref004],[@pone.0222607.ref005]\]. Studies concerning microbiome available in the literature concentrate mainly on bacteria and archaea \[[@pone.0222607.ref006],[@pone.0222607.ref007]\]. However, the analysis of virome is a kind of "dark matter" in the microbial community \[[@pone.0222607.ref008]\].

It is estimated that viral sequences constitute approximately 42% of the human genome \[[@pone.0222607.ref004]\]. Handley\'s studies reported that the human virome consists of viruses that affect both eukaryotic and prokaryotic cells \[[@pone.0222607.ref004]\]. Viruses can integrate their genomes into host genomes, and also activate the immune system due to chronic infections \[[@pone.0222607.ref009]\]. Viral DNA and RNA stimulate the production of interferons and other cytokines, especially pro-inflammatory cytokines such as IL-10, which can modulate the immunological system of the host and contribute to the development of various diseases and secondary infections, with chronic infections as crucial in this process. Many viruses enter latency state, in which their genetic material is integrated with DNA of the infected cells. One of such groups of viruses playing important role in human pathophysiology is the Herpesviridae family (herpes simplex virus--HSV, Epstein-Barr virus--EBV, cytomegalovirus--CMV) \[[@pone.0222607.ref006],[@pone.0222607.ref010]\]. A virome can also comprise human papilloma viruses (HPV), which can induce asymptomatic skin and mucosal infections \[[@pone.0222607.ref011]\].

Patients with diabetes mellitus type 2 (DM2) are more susceptible to infections as hyperglycaemia increases the virulence of different microorganisms \[[@pone.0222607.ref012]\]. Approximately 415 million people were diagnosed with DM2 in 2015 and there is expected increase to 642 million DM2 patients by the year 2040, therefore, this disease is considered to be the first non-infectious epidemic in the world and major public health concern of the 21st century \[[@pone.0222607.ref013],[@pone.0222607.ref014]\]. Moreover, diabetes may cause many complications and can promote tumor progression and increase the risk of malignant carcinomas \[[@pone.0222607.ref015]\].

The aim of this study was to analyze the prevalence of four viruses widespread in the human population, which can cause persistent infections--EBV, HPV, CMV, and herpes simplex virus type 1 (HSV-1) in patients with DM2. The presence of these viruses in diabetic patients was analyzed regarding epidemiological data.

Materials and methods {#sec002}
=====================

Patients {#sec003}
--------

The examination involved 173 adult patients treated for DM2 at the Department of Internal Diseases of the Masovian Specialist Hospital in Radom, Poland (south-eastern Poland). The control group comprised 50 individuals without diabetes (patients treated at the Department of Internal Diseases of the Masovian Specialist Hospital in Radom, Poland due other diseases than DM2).

The study was approved by the Medical University of Lublin Ethics Committee, and is in accordance with the GCP regulations (No. KE-0254/135/2017, 25 May 2017). Informed written consent was collected from all participants.

Clinical specimens {#sec004}
------------------

Blood, saliva and oral brush swabs were collected from the patients and controls. HPV and HSV DNA was detected in the swab material, while EBV and CMV DNA in the saliva. The presence and titer of antibodies against HSV-1 (anti-HSV-1) were detected in the serum of all the subjects.

### Saliva collection {#sec005}

About 5 ml of non-stimulated whole saliva was collected. The saliva samples were centrifuged at 1500 rpm at room temperature for 10 min, and then diluted (1:1) in PBS and frozen at -80°C until their analysis.

### Serum collection {#sec006}

Venous blood samples from both the patients and the controls were centrifuged at 1500 rpm at room temperature for 15 min, followed by serum collection and frozen at -80°C until its analysis.

### Oral brush swab collection {#sec007}

A cytobrush was rubbed with medium pressure over the premolar and molar region of the cheeks 5 times, turned and rubbed another 5 times. This procedure was performed both on the right and left cheeks. A cytobrush was then placed in Eppendorf tube and frozen at -80°C until the analysis.

Molecular methods {#sec008}
-----------------

DNA from the saliva and oral swabs was isolated with the use of the QIAamp kit (Qiagen, Germany).

### DNA extraction from saliva and from brush swabs {#sec009}

DNA isolation was performed using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The efficiency and purity of the obtained eluate were checked using the Epoch (Biotek) spectrophotometer. The measurement was performed on a Take 3 plate (Biotek Instruments, Winooski, Vermont, US) using Microplate Reader Software Gen 5.2.0 (Biotek Instruments, Winooski, Vermont, US).

### EBV DNA detection {#sec010}

EBV DNA detection and the amplification of the Epstein--Barr nuclear antigen 2 (EBNA-2) gene (the nested PCR) were performed as previously described \[[@pone.0222607.ref016]\].

The nested PCR was carried out for amplification of Epstein-Barr nuclear antigen 2 (EBNA-2). The sequence of primers used for PCR was as follows: outer pair `5’–TTT CAC CAA TAC ATG ACC C– 3’`, `5’–TGG CAA AGT GCT GAG AGC AA– 3’` and inner pair `5’–CAA TAC ATG AAC CRG AGT CC– 3’`, `5’–AAG TGC TGA GAG CAA GGC MC– 3’`.

### HPV detection and genotyping {#sec011}

HPV genotyping was performed as previously described \[[@pone.0222607.ref017]\].

HPV detection and genotyping was performed using the INNO-LiPA HPV Genotyping Extraassay (Innogenetics N. V, Gent, Belgium; no cat. 81063) according to the manufacturer's protocol.

### CMV and HSV detection {#sec012}

The concentrations of PCR reaction components, and also the amplification and detection of CMV DNA and HSV DNA was described previously \[[@pone.0222607.ref018]\].

CMV: a highly conservative region, i.e. the UL54 gene fragment, was amplified. The final product of PCR is 78bp. The nested-PCR technique was employed. The starters sequence: 1^st^ round of PCR: CMV-1F `5’–CGG GTC ATC TAC GGG GAC ACG GA– 3’`, CMV-1R `5’–ACT TTG CCG ATG TAA CGT TTC TT– 3’`; 2^nd^ round of PCR: CMV-2F `5’–GGG CCC AGC CTG GCG CAC TA– 3’`, CMV-2R `5’–GAC GAA GAC CTT TTC AAA CTC– 3’`.

HSV: a fragment of the gene encoding glycoprotein D (gD) was amplified. The final product of PCR is 280 bp. The nested-PCR technique was employed. The starters sequence:

1^st^ round of PCR: HSV-1F `5’–ATC CGA ACG CAG CCC CGC TG– 3’`, HSV-1R `5’–TCC GGC GGC AGC AGG GTG CT– 3’`; 2^nd^ round of PCR: HSV-2F `5’–GCG CCG TCA GCG AGG ATA AC– 3’`, HSV-2R `5’–AGC TGT ATA CGG CGA CGG TG– 3’`.

Serological methods {#sec013}
-------------------

In the collected serum samples, serological tests for anti-HSV-1 were conducted (ELISA aasay), using the commercially available NovaLisa Herpes Simplex Virus 1 (HSV1) IgG (Nova Tec Immunodiagnostica, Germany; Product No. HSV1G0500) kits. The level of HSV antibodies were expressed in NovaTec Units = NTU.

Statistical analysis {#sec014}
--------------------

Statistical analysis was performed using Pearson's chi-square test, Fisher's exact test for small groups, as well as the Mann-Whitney U test and the Kruskal Wallis test. The statistical significance was defined as p \< 0.05.

Results {#sec015}
=======

Out of 173 patients with DM2 initially qualified to the study, 71.1% (123 patients) were found to have at least one virus, compared to 30.0% in the control group (p\<0.001). Therefore, further analysis included 123 patients with at least one virus detected. The epidemiological characteristics of the patients with diabetes and individuals without diabetes is presented in [Table 1](#pone.0222607.t001){ref-type="table"}.

10.1371/journal.pone.0222607.t001

###### Epidemiological characteristics of patients with and without diabetes.

![](pone.0222607.t001){#pone.0222607.t001g}

  ------------------------------------------------------------------------------------------
                                     Patients group\   Control group\   p           
                                     N = 173           N = 50                       
  ---------------------------------- ----------------- ---------------- ---- ------ --------
  **Sex**                                                                           

  Male                               73                42.1             21   42.0   \>0.05

  Female                             100               57.8             29   58.0   

  **Age**                                                                           

  20--39                             24                13.8             7    14.0   \>0.05

  40--59                             63                36.4             18   36.0   

  60+                                86                49.7             25   50.0   

  **Place of residence**                                                            

  Urban                              100               57.8             29   58.0   \>0.05

  Rural                              73                42.2             21   42.0   

  **Smoking**                                                                       

  Yes                                107               61.8             31   62.0   \>0.05

  No                                 66                38.2             19   38.0   

  **Alcohol abuse**                                                                 

  Yes                                100               57.8             29   58.0   \>0.05

  No                                 73                42.2             21   42.0   

  **BMI**                                                                           

  18.5--24.9                         29                16.8             \-   \-     \-

  25--29.9                           43                24.9             \-   \-     

  30--39.9                           101               58.4             \-   \-     

  **Duration of diabetes (years)**                                                  \-

  1--5                               38                22.0             \-   \-     \-

  6--10                              44                25.4             \-   \-     

  \>10                               91                52.6             \-   \-     
  ------------------------------------------------------------------------------------------

BMI---body mass index, N--number of patients

Pearson's chi-square test

In terms of sex, age, place of residence, smoking, and alcohol consumption, the control group matched the study group and did not reveal statistically significant differences in comparison with the cases. Therefore, the socio-demographic factors had no effect on the values of the investigated variables.

In DM2 patients EBV DNA was detected the most frequently (25.4%), followed by HPV-- 19.1%, HSV-- 10.4% and CMV-- 5.2% ([Fig 1](#pone.0222607.g001){ref-type="fig"}).

![Prevalence of EBV, HPV, CMV, HSV and co-infection EBV+HPV in diabetic patients.\
\* statistically significant p\<0.05 (Pearson's chi square-test).](pone.0222607.g001){#pone.0222607.g001}

Infection prevalence was not correlated with age. However, EBV+HPV co-infection was significantly more frequent among men (30.8%) than in women (4.2%). EBV DNA was statistically more often detected in patients living in rural areas (53.7%), while HPV (91.5%) and co-infection (22.2%) prevailed among patients from urban areas ([Table 2](#pone.0222607.t002){ref-type="table"}).

10.1371/journal.pone.0222607.t002

###### Prevalence of EBV, HPV, CMV and HSV by sex, age, place of residence and duration of diabetes.

![](pone.0222607.t002){#pone.0222607.t002g}

                                     EBV                                                HPV                                                   CMV                                               HSV      EBV+HPV                                                                   
  ---------------------------------- -------------------------------------------------- ----------------------------------------------------- ------------------------------------------------- -------- ------------------------------------------------- ------ ---- ------ ---- ------
  **Sex**                                                                                                                                                                                                                                                                          
  Male                               17                                                 32.7                                                  10                                                19.2     5                                                 9.6    4    7.7    16   30.8
  Female                             27                                                 38.0                                                  23                                                32.4     4                                                 5.6    14   19.7   3    4.2
  p                                  0.5419                                             0.1035                                                0.4022                                            0.0623   **0.0004[\*](#t002fn001){ref-type="table-fn"}**                           
  **Age**                                                                                                                                                                                                                                                                          
  20--39                             5                                                  11.4                                                  3                                                 9.1      1                                                 11.1   4    22.2   4    21.1
  40--59                             17                                                 38.6                                                  12                                                36.4     2                                                 22.2   4    22.2   10   52.6
  60+                                22                                                 50.0                                                  18                                                54.5     6                                                 66.7   10   55.6   5    26.3
  p                                  0.7159                                             0.4191                                                0.4341                                            0.1917   0.0512                                                                    
  **Place of residence**                                                                                                                                                                                                                                                           
  Urban                              22                                                 26.8                                                  16                                                91.5     6                                                 7.3    12   14.6   16   22.2
  Rural                              22                                                 53.7                                                  17                                                41.6     3                                                 7.3    6    14.6   3    5.9
  p                                  **0.0034[\*](#t002fn001){ref-type="table-fn"}**    **0.0034[\*](#t002fn001){ref-type="table-fn"}**       0.9999                                            0.9999   **0.0351[\*](#t002fn001){ref-type="table-fn"}**                           
  **Duration of diabetes (years)**                                                                                                                                                                                                                                                 
  1--5                               13                                                 29.5                                                  3                                                 9.1      0                                                 0      5    27.8   1    5.3
  6--10                              9                                                  20.0                                                  9                                                 27.3     2                                                 22.2   6    33.3   2    10.5
  \>10                               22                                                 50.0                                                  21                                                63.6     7                                                 77.8   7    38.9   16   84.2
  p                                  **0.00004[\*](#t002fn001){ref-type="table-fn"}**   **10**^**−6**^[\*](#t002fn001){ref-type="table-fn"}   **0.0349[\*](#t002fn001){ref-type="table-fn"}**   0.4963   **0.0376[\*](#t002fn001){ref-type="table-fn"}**                           

\*statistically significant (Pearson's chi-square test)

EBV--Epstein-Barr Virus, HPV--Human Papillomavirus, CMV--Cytomegalovirus, HSV---Herpes Simplex Virus

Infection prevalence also depended on DM2 duration. In patients with a DM2 history longer than 10 years viral infection was detected more frequently. In EBV(+) patients 50% comprised patients with diabetes lasting longer than 10 years, in HPV (+)-- 63.6%, in CMV(+)-- 77.8% and EBV+HPV co-infection-- 84.2%.

The analysis revealed that in diabetic patients with higher BMI, DNA of all examined viruses and co-infection was more frequently detected compared with patients with normal BMI ([Table 3](#pone.0222607.t003){ref-type="table"}).

10.1371/journal.pone.0222607.t003

###### Prevalence of EBV, HPV, CMV and HSV by BMI index.

![](pone.0222607.t003){#pone.0222607.t003g}

  BMI          EBV      HPV                                               CMV                                               HSV                                               EBV+HPV                                                                   
  ------------ -------- ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- ------ ---- ------ ---- ------
  Normal       7        15.9                                              4                                                 12.1                                              0                                                 0      1    5.5    1    5.3
  Overweight   15       34.1                                              5                                                 15.2                                              1                                                 11.1   3    16.7   3    15.8
  Obesity      22       50.0                                              24                                                72.7                                              8                                                 88.9   14   77.8   15   78.9
  p            0.5061   **0.0360[\*](#t003fn001){ref-type="table-fn"}**   **0.0344[\*](#t003fn001){ref-type="table-fn"}**   **0.0385[\*](#t003fn001){ref-type="table-fn"}**   **0.0374[\*](#t003fn001){ref-type="table-fn"}**                           

\*statistically significant (Mann-Whitney U test)

EBV--Epstein-Barr Virus, HPV--Human Papillomavirus, CMV--Cytomegalovirus, HSV---Herpes Simplex Virus, N--number of patients, BMI-body mass index

The level of anti-HSV IgG antibodies were significantly higher in the serum of diabetic patients than in controls ([Fig 2](#pone.0222607.g002){ref-type="fig"}). Obese patients was the group with the highest infection percentage ([Fig 3](#pone.0222607.g003){ref-type="fig"}).

![Level of anti-HSV IgG in diabetic patients compared to the controls.\
(Mann-Whitney U-Test: Z = 7.985016; p = 10^−4^) HSV IgG---IgG antibodies herpes simplex virus, NTU---NovaTec Units.](pone.0222607.g002){#pone.0222607.g002}

![Anti-HSV-1 antibody level by BMI index among diabetic patients.\
(Kruskal-Wallis Test; H = 82.57; p = 10^−4^) HSV IgG---IgG antibodies herpes simplex virus, BMI-body mass index, NTU---NovaTec Units.](pone.0222607.g003){#pone.0222607.g003}

Discussion {#sec016}
==========

Persistent viral infections, involving long interaction time between the virus and the infected cell, are particularly significant from the clinical point of view. They are latent infections with potential periodic reactivation \[[@pone.0222607.ref019],[@pone.0222607.ref020]\]. A typical example is HSV-1: following a primary acute or subclinical infection, this virus moves through the sensory nerves and attains latency by settling in the trigeminal root \[[@pone.0222607.ref021]\]. A range of factors can cause reactivation of infection and manifest with typical herpes symptoms. The fact that two-thirds of the world\'s population is infected with HSV-1 proves the excellent survival strategy of this virus \[[@pone.0222607.ref022]\].

Persistent infections involving various viruses affect the overall immunity of the patient. In our study EBV DNA was the most prevalent in the group of diabetic patients (35.9%). EBV is widespread in human population and is easily transmitted through direct contact, so people with long-term glycaemia are more likely to become infected than healthy population.

There are few reports in the literature about the relationship between DM2 and viral infections, as most studies concern type 1 diabetes (DM1). Some researches revealed that changes in the intestinal microbiome are associated with the development of DM1 \[[@pone.0222607.ref020],[@pone.0222607.ref023]\]. It is suggested that enterovirus, cytomegalovirus, mumps virus, parvovirus, rubella virus, and rotaviruses may be crucial in that process. Lontchi-Yimagou et al. \[[@pone.0222607.ref024]\] showed that HHV-8 infections are associated with low insulin secretion. Moreover, differences in the ORF 26 sequence were found in 30% of the HHV-8 strains isolated from lymphocytes, prompting the authors to hypothesis the existence of a new HHV-8 virus sub-type \[[@pone.0222607.ref001],[@pone.0222607.ref003]\]. It was also proved that DM2 is more likely to occur in patients with chronic hepatitis C virus \[[@pone.0222607.ref025]\].

Therefore, our studies on the prevalence of selected viruses in the Polish population can be considered pioneering. They revealed that DNA of at least one virus was statistically more frequently isolated in diabetic patients (70.3% compared to 30% in the control group), with EBV DNA and HPV DNA being the most prevalent. The prevalence of infections also depended on duration of the disease. The level of anti-HSV IgG antibodies was significantly higher among patients with DM2 as compared to the controls. Some researchers suggest that anti-HSV IgG antibodies level is associated with the incidence of diabetic atherosclerosis, and that CMV can be a risk factor in the development of this disease \[[@pone.0222607.ref026]\].

Both diabetes and cancer are diseases of modern civilization and their incidence has been increasing globally. Some tumors develop more frequently in diabetic patients, including especially those with DM2 \[[@pone.0222607.ref027]\]. Potential risk factors are similar for diabetes and cancer. Age, sex, race and ethnicity are non-modifiable risk factors, independent of the person\'s life style. The factors controlled by humans include physical activity, diet, alcohol consumption, and smoking. A number of studies revealed a correlation between obesity and the development of DM2, cardiovascular diseases, and liver cancer \[[@pone.0222607.ref028]\].

Overweight, one of the most widespread lifestyle-related health problems, was rated third among the most serious disease risk factors in 2013, both for the Polish population, and for the populations of Central and Western European countries \[[@pone.0222607.ref029]\]. According to WHO data, over 60% of men and over 50% of women in the European Union were either overweight or obese \[[@pone.0222607.ref030]\]. Epidemiological studies conducted in the United States revealed a correlation between body weight and the level of anti-HSV-1 antibodies \[[@pone.0222607.ref031]\]. In our studies, the level of anti-HSV-1 antibodies among diabetic patients was also significantly higher than in the controls. Larsen et al. \[[@pone.0222607.ref032]\] demonstrated that DM2 is associated with changes in the intestinal microbiota composition, indicating that both overweight and diabetes are associated with different groups of that microbiota. Interesting results were obtained in the analysis of BMI as a factor in the prevalence of HSV-1 DNA. HSV-1 DNA was found in 77.8% of obese subjects, and the level of anti-HSV-1 IgG antibodies was higher among obese and overweight patients compared to those with normal BMI values.

Our studies revealed that 5.7% of diabetic patients had also cancer disease. However, these were isolated cases of multi-organ tumors, which made it impossible to perform an epidemiological analysis regarding the potential relationship between the incidence of diabetes and cancer. This issue might be the subject of future studies involving larger populations. Oncogenesis is a complex and multi-stage process in which a normal cell changes its phenotype into a neoplastic one. Diabetes can contribute to neoplastic transformations through a range of mechanisms, with hyperinsulinaemia, hyperglycaemia, insulin resistance, or chronic inflammation being the potential underlying factors \[[@pone.0222607.ref033]\]. The immune dysfunction co-occurring with diabetes can cause the reactivation of some latent infections associated with high incidence and mortality rates. Insulin and glucose concentrations support the migrations of neoplastic cells and contribute to the in-vitro growth of neoplastic cell lines \[[@pone.0222607.ref034]\]. According to the literature data, diabetes involves an increased risk of liver, pancreatic, endometrium, large-intestine and mammary-gland tumors, while a reverse correlation applies to the incidence of prostate cancer \[[@pone.0222607.ref035]\]. The viruses investigated in this study belong to a group of human oncogenic viruses, which may lead to cancer development. International Agency for Cancer Research included both EBV and HPV in the viruses causing neoplastic diseases \[[@pone.0222607.ref036],[@pone.0222607.ref037]\]. It is estimated that viral infections contribute to 15--20% of all human cancers such as prostate cancer, breast cancer and brain cancer \[[@pone.0222607.ref038]\].

Among the diabetic patients included in the study, EBV was the most often detected (35.9%). There is a proved connection between this virus and the development of various cancers, e.g. nasopharynx cancer and stomach cancer \[[@pone.0222607.ref039],[@pone.0222607.ref040]\]. Papilloma viruses represent another significant group--HPV DNA was detected in 26.8% of diabetic patients. HPV 16 genotype was found only in three patients and mixed HPV types with low oncogenic risks were most common among the remaining patients. HPV is a proved etiologic factor in the development of cervical cancer (HPV18), as well as oral and pharyngeal cancer (mainly HPV16) \[[@pone.0222607.ref041]--[@pone.0222607.ref044]\]. Thus, the results suggest that diabetic patients might be at a higher risk of developing various malignancies due to high rates of oncogenic viral infections.

Our study had some limitations as the subject group was too small to allow an in-depth epidemiological analysis, so future studies should involve larger groups of patients. However, the results provide a general direction for research to establish how long-term diabetes influences the incidence of neoplastic diseases, to assess the relationship between latent viral infections, overweight and obesity, and the development of neoplastic diseases as well as to determine the impact of the investigated viral infections on the clinical picture of DM2 and especially on its control.

Conclusions {#sec017}
===========

The prevalence of EBV, HPV and the EBV+HPV co-infection was significantly higher in diabetic patients than in the individuals without diabetes. The frequency of these infections depended on the duration of the disease. HSV DNA was detected in 77.8% of the obese patients. The level of anti-HSV antibodies was the highest among the patients with high BMI. In DM2 patients with obesity, HPV, CMV, HSV infection and EBV+HPV co-infection was detected significantly more frequently.
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